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Abstract. In this paper, we present a smart environment for elderly. What makes the development of such system challenging is
that the concept of smartness for elderly brings to the extreme the idea of invisibility of the technology. In our experience, elders
are well-disposed to new technologies, provided that those will not require significant changes - namely, they are invisible - to
their habits. Starting from this consideration, 200 caregivers responses were collected by questionnaire, so as to better understand
elders’ needs and habits. A system was subsequently developed allowing elders to access a number of “modern web services”
as standard TV channels: at channel 43 there is the health status, at channel 45 the photos of the family, at 46 the agenda of the
week, just to mention few of the available services. The content of such services is automatically generated by the smart devices
in the environment and is managed by the caregivers (e.g., family members) by simple web apps. Fourteen families were asked
to install the system in their house. The results of these experiments confirm that the proposed system is considered effective and
user-friendly by elders.
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1. Introduction
In recent years, we have witnessed a rapid surge
in assisted living technologies due to a rapidly aging
society. The aging population, the increasing cost of
formal health care, the caregiver burden, and the im-
portance that the individuals place on living indepen-
dently, all motivate the development of innovative -
assisted living technologies for safe and independent
aging. With this rapid population aging that is occur-
ring worldwide, there is increasing interest in “smart
home” technologies that can assist older adults to con-
1Footnote in title.
*Corresponding author. E-mail: ichatz@dis.uniroma1.it.
tinue living at home with safety and independence. Our
key assumption is that a large number of elderly peo-
ple are constantly supported by their children (adults)
that help them with their day-to-day activities and are
first to respond when bigger problems arise.
Elders have usually difficulties in adopting new
technologies, and consequently, a smart environment
for elders should make the technology invisible, in the
sense that elders should not change their habits to take
advantage of the available technology. Our approach
foresees the enhancement of elders’ familiar objects,
such as the TV, with new and smart functionalities.
We look into cases where systems will help elders
automate the activities and minimize technology jar-
gon, thus reducing their dependence on other family
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members and caregivers. We look beyond a connected
home environment where a family member or a care-
giver can remotely inspect the elder’s home at regu-
lar intervals. The aim is to create a smart environment
that will support elders to easily carry out a number
of difficult to perform activities that may require infor-
mation technology skills (e.g., conduct a skype with
grandkids). This is in line with the AmI research per-
spective reported in [6] of mediating social presence
and interaction, enhancing psychological involvement
and co-presence.
In this work, we present a system that facilitates
awareness among families, especially for taking care
of the elderly and frail living alone. Through the pro-
posed TVSERVE platform, families and caregivers are
automatically informed when the system notices pat-
tern changes for food & drink, medication, and other
daily events. A well-defined set of innovative algo-
rithms - details of which is outside the scope of this pa-
per - is used in order to provide real-time intelligence
and continuously analysis of the data collected to de-
tect with high confidence any emergency situation at
home. In this sense, we develop a smart assisted liv-
ing environment that enables families to increase their
quality time during their visits with their elders. We
believe that existing hardware products are adequate
for delivering an assisted living system. We are thus
focusing on the software aspects of the system and be
hardware-independent.
This paper is organized as follows. We start by sur-
veying people that have a family member older than 65
years for whom they are their caregiver to understand
their perspective regarding the elders’ needs. In Sec-
tion 2 we report our approach and main findings. Based
on the input received we continue by designing a num-
ber of services that we consider important for an elder-
care environment. For each service, we develop a sto-
ryboard based on which we conduct a series of inter-
views with a suitably selected group of caregivers. In
Section 3 we summarize the feedback received on how
to improve the design of elder-care services. Given
these two series of interaction with end-users, we pro-
ceed by developing a prototype of an elder-care sys-
tem. In Section 4 we provide a high-level description
of the main components that constitute our prototype
and present some key-aspects of the implementation.
We conclude by assessing the usability of our proto-
type as perceived by the elders. In particular, in Sec-
tion 5 we report the findings of our evaluation after de-
ploying our prototype on 14 elder houses in Italy.
We believe that our attempt to develop a smart envi-
ronment for elders and the approach that we followed
provides valuable insights into the perception and ex-
pectations of elderly towards such a system. Indeed
there is a lot of work that needs to be done in order
to provide stable systems that improve the well-being
of elders in their home environment. In Section 7 we
conclude our work and provide some future research
directions.
2. Unserstanding caregivers’ perspectives
We start by contacting caregivers that are willing
to assist us in identifying the level of technology that
is more suitable for the elders that they look after.
Our goal is to understand the familiarity of elders
with smart home technologies. We setup a group com-
prised of 200 caregivers located in Italy, Germany,
UK, Greece, and USA. The participants were invited
to a set of interviews to identify their perspective in
terms of looking after an elder. During these inter-
views, we informed the participants about the purpose
of our study and the measures taken to ensure the par-
ticipants’ anonymity. We also provided a very short
presentation of smart home technologies and how they
can be used for setting up an ambient assisted living
environment for elders.
The sample comprises of people that have an el-
der in their family and most of the time they are the
main caregiver. Either they look after one of their par-
ents (53.5%) or a very close relative (46.5%). In most
cases (77.5%) they are not the only caregiver - another
family member is also supporting the elder. Their age
group is mainly between 30-50 (63.4%), fewer are be-
tween 50-65 (22.5%) and very few are younger than
30 (14.1%). We strongly believe that the audience that
participated in the survey can be considered as poten-
tial customers.
The majority of the people that participated in the
survey are looking after their elder on a regular basis,
and about 42% are visiting them on daily basis. On the
other hand, about 22.5% are visiting the elder only a
couple of days per week. Most of them are living close
to them: 38.6% report that they are less than 15min
away, and 22.9% are about 20-30min away. From the
responses received, we understand that the audience is
people that interact with their elders on a regular ba-
sis and in most cases they have chosen to live close in
order to have this regular interaction.
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The activities that the caregivers undertake are re-
ported to be rather stressful. More than 52.4% find
that caring for their elder family member is stressful
and in some cases very stressful. Less than 15% find
these activities simple to perform and easy. Interest-
ingly, 21% strongly believe that they will consider ac-
quiring professional caregiver services in the near fu-
ture and about 43% will definitely consider it. On the
other hand, about 18% do not wish to hire a profes-
sional caregiver. Based on these responses, we under-
stand that a large part of the audience is willing to
use a system to support them and in some cases com-
pletely take over the role of caregiving. Based on the
responses of the interviews, we setup a questionnaire
that will help us assess which categories of smart sen-
sors are expected to be part of an assisted living envi-
ronment, and which are the key features that caregivers
and elders will look for. The questionnaire started with
a section that lists daily activities and measured the
need of the caregiver to monitoring them automati-
cally. Then a second section included a list of smart
home technologies and how important they are in set-
ting up an assisted living environment. Finally, a third
section focused on the services that the caregivers are
expecting from such a system. Likert scale was used
including 1: not important; 2: less important; 3: neu-
tral; 4: important; and 5: very important.
The survey was conducted for a period of 3 days
during October 2015. Almost everyone responded on
the 1st day (81% of participants) and very few on the
2nd and 3rd day. In the following, we summarize the
responses received and evaluate the feedback.
Considering a service that will support them in their
duties as caregivers, we asked them to specify the im-
portance of a range of daily activities. In Table 1 we
provide a summary of the responses received. We have
ranked the responses based on the scored received,
starting with those that are considered important (mark
of 4) or very important (mark of 5). Remark that a neu-
tral response gets a mark of 3, a less important a mark
of 2 and a not important a mark of 1. Based on the feed-
back received, we understand that the potential users
are mainly interested in specific health-related aspects
of the elder life. Interestingly they are positive in moni-
toring activities related to the diet of the elder and their
weight as well as their sleeping cycles.
Regarding the technologies that the caregivers are
willing to use in order to get support, almost all peo-
ple involved in the survey (90%) report that the elder’s
house does not have a smart home system installed,
and the vast majority (78%) are willing to install such
Table 1
Daily Activities and their importance as perceived by the target
audience
Activity 1 2 3 4 5 Score
Medication 7.4 8.8 2.9 26.5 54.5 81
Blood pressure 2.9 5.9 13.2 35.3 42.6 77.9
Heart rate 2.9 10.3 13.2 35.3 38.2 73.5
Eating &
Drinking
7.4 7.4 17.6 48.5 19.1 67.6
Going out 8.8 7.4 19.1 39.7 25 64.7
Oven Safety 11.8 11.8 13.2 33.8 29.4 63.2
Sleeping 8.8 11.8 23.5 36.8 19.1 55.9
Toilet use 7.4 17.6 26.5 38.2 10.3 48.5
Activity type 14.7 11.8 29.4 33.8 10.3 44.1
Weight 16.2 17.6 23.5 25 17.6 42.6
TV watching 19.1 22.1 30.9 26.5 1.5 28
Walking speed 19.1 23.5 30.9 17.6 8.8 26.4
a smart home system in order to improve the lifestyle
of the elder that they are looking after.
Given that installing certain smart home technolo-
gies is well accepted by our target audience, we pro-
ceed by investigating which particular technology is
perceived as more important. In Table 2 we summarize
the technologies considered and rank them by listing
those that are considered most important.
Based on the feedback received, it is evident that the
potential users do not wish to install smart-home tech-
nologies in the house of the elder. The main interest
is on monitoring the health for the elder and providing
an emergency sensor. Apart from these technologies,
other smart-home technologies are not considered im-
portant.
In the vast majority of the cases (71.8%) the elder
does not use the Internet and is not familiar with new
technologies. In fact, less than 10% are frequent users
of the Internet and smart technologies. We strongly be-
lieve that our assumption that the elders are not accus-
tomed to modern online services is verified from the
responses received from this survey. Developing a mo-
bile application for a smartphone will not be easy and
will alienate them from the service. It is, therefore, safe
to assume that their use will be hard and consequently
their adoption will be limited.
On the other hand, almost all elders (90.2%) are fre-
quent users of TV and more than half are watching at
least 4 hours per day. Less than 3% do not have a TV
installed in their home or they do not use it at all. It is
clear that TV is the device elderly use every day with-
out problems. For this reason, we expect that providing
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Table 2
Smart Home technologies and their importance as perceived by tar-
get audience
Technology 1 2 3 4 5 Score
Emergency
button
0 4.4 25 25.7 42.6 68.3
Automatic
lighting
4.4 22.1 22.1 41.2 10.3 51.5
Remote con-
trol
8.8 22.1 27.9 22.1 19.1 41.2
Real-time
monitoring
11.8 14.7 33.8 30.9 8.8 39.7
Thermostat 8.8 25 29.4 25 11.8 36.8
Video moni-
toring
7.4 10.3 47.1 26.5 8.8 35.3
Activity moni-
toring
11.8 8.8 44.1 27.9 7.4 35.3
Indoor temper-
ature
11.8 32.4 25 20.6 10.3 30.9
Electricity use 14.7 32.4 27.9 14.7 10.3 25
Table 3
Services for Elder Support and their importance as perceived by tar-
get audience
Service 1 2 3 4 5 Score
Notification 4.4 8.8 13.2 33.8 39.7 73.5
Routine
Change
1.5 10.3 16.2 38.2 33.8 72
Reminders 1.5 5.9 22.1 44.1 26.5 70.6
Video calls 14.7 19.1 20.6 33.8 11.8 45.6
Snapshot 11.8 25 20.6 29.4 13.2 42.6
Pictures 35.3 23.5 17.6 17.6 5.9 23.5
our services as TV channels will enable easy access for
the elders.
Finally, in Table 3 we try to identify which services
are more attractive from the caregivers perspective.
The responses received suggest that the potential users
share different opinions. It seems that there is no sin-
gle service that is broadly accepted as very important
or not important at all.
The feedback received from this first phase of in-
teraction with potential customers is very helpful. We
have acquired valuable insights on the features that the
users are expecting from an assisted living environ-
ment. We have also validated some of our key assump-
tions regarding our technology platform.
– Caregivers understand that providing a smart-
phone to the elder will not work as elders are not
accustomed to this technology.
– Caregivers report that elders are definitely accus-
tomed to the TV technology, they use it at daily
basis and it would be an ideal medium for provid-
ing support.
– Caregivers are willing to acquire certain smart de-
vices and install them at the house of the elder in
order to be able to monitor some basic aspects of
the daily activities of the elders.
– Caregivers do not see real value in adding too
many home-automation products (e.g., smart
thermostats, smart locks etc) as they do not help
in providing remote caregiving.
– Caregivers understand the value of having the
ability to conduct a video-conference with their
elder via the TV box.
– Caregivers see added value to provide additional
(related) services through the TV. However, this
needs further examination in order to get more
specific insights on the type of services and the
exact methodology to provide them.
– Caregivers are willing to discuss the possibility of
having a remote professional caregiver contacting
regular the elder. However, they wish to get addi-
tional information on how this will be arranged,
scheduled and how it will mix with the daily ac-
tivities of the elder.
3. Identifying key assisted living scenaria
Given the survey conducted using the group of care-
givers, we now wish to deeper our understanding of
the value of an ambient assisted living environment for
elders. We believe that technology should adapt to the
specific needs and behavior of the elderly and not the
other way round. We cannot expect that elderly will
change their habits to use a technology, rather the tech-
nology should be designed to be elderly-friendly and
effective at the same time.
Our point of reference is to deliver services that will
support the caregivers during their daily activities via
the TV available at the elder’s house. Our concept is
using TV channels for integrating a wider number of
web services. The approach of a virtual channel model
for TV is reported by [12] but referring to resources
- such as broadcast, internet, storage - other than the
ambient pervasive environment. Very simply, the elder
can switch to specific channel numbers in order to ac-
cess specific services through this very simple inter-
face. Consider as an example at Ch1 there is the usual
TV broadcast (e.g. Euronews), at Ch2 a Google calen-
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dar with all the relevant events, at Ch3 a Flickr Photo
Gallery of family photos uploaded from the son etc.
(see Figure 1). We expect that since elders are very fa-
miliar with the use of TV-channel paradigm, our sys-
tem will also be easy use and their training will be ex-
tremely straightforward. We call this the “service as a
channel” paradigm. Notice that while elderly can enjoy
the simplicity of the TV-channel paradigm, relevant
stakeholders (e.g., caregivers) can take full advantage
of a modern web interface to access the corresponding
services. Remark that in [24] a system is presented for
integrating newspaper content on TV while in [26] web
documents and information stored in database systems
are integrated on the TV. As we will describe in the
following sections, our system builds upon these ap-
proaches by integrating a wider variety of content that
are focused on providing support for the caregivers.
Fig. 1. Web-services accessed as TV-channels
For this reason, we design a series of services that
are suitable for an elder-care pervasive health environ-
ment and that interact with the elder via the TV set.
For each of these services, we design a storyboard that
describes the functionality. Based on the collections
of storyboard we wish to understand how professional
caregivers assess their importance. For this reason we
setup a focused group by carefully selecting 17 profes-
sional caregivers that work in adult daycare centers or
independently. Nine (52%) are men and eight (48%)
are women that work in Italy and Greece.
The evaluation of the storyboard was done as fol-
lows. We sent the storyboards to each caregiver and al-
Fig. 2. Reminders & notifications storyboard
lowed them to study them for a couple of hours. Then
we conducted an individual interview during which we
first asked the caregiver to describe each storyboard.
During this first step, we better understood the view-
point of each caregiver and identifying specific aspects
of the services that were not properly depicted in the
storyboard. We continued the interview by making cer-
tain questions regarding the value of the services, how
they expect the elder to react to these scenaria and how
they could be improved. We consider the above feed-
back very critical for the design of a successful system.
In the following section, we have selected two story-
boards and report the feedback received from the inter-
views.
3.1. Reminders & Notifications
As a starting point, consider services to receive noti-
fications about the daily medication, events scheduled
for the day (social events, reminders etc), and photo
albums (e.g., from their family members). In fact, we
could provide a marketplace for service providers that
wish to offer their services to the elder via the TV.
Our primary goal is to validate if the “service-as-a-
channel” is adding value to the end users.
The storyboard focuses on the case of the calen-
dar, as depicted in Figure 2. The caregiver sharing in-
formation with the elder about the medications and
also meetings scheduled (e.g., doctor appointments).
We use two personas: Ann, the elder living in a smart
home; and Jenny, the caregiver, daughter of Ann.
Interestingly many participants responded that they
already use existing services on their smartphones to
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get similar functionality. In particular, they note that
since they maintain such data in the cloud, providing a
view to the elder through the TV is indeed very useful.
Those interviewees that do not use such web/mobile
services, they mentioned that such a concept would
make them seriously considering becoming users.
3.2. Professional caregiver service
During the survey, we assumed that smart device
can be used to implement new services to assist the el-
ders. However, we understand that certain limitations
exist among smart technologies in order to provide
complete monitoring of all the biometric aspects of the
elder. Not only this is not easy (e.g., consider the case
of monitoring whether the elder has taken the daily
medications – no automated solution exists today that
has achieved broad user acceptance), but it is also not-
practical, in the sense that complex devices will in-
crease the costs of the system and most importantly it
might alienate the elder (e.g., due to getting a feeling
that they are being watched). We, therefore, wish to
look into usage scenaria where the (human) caregiver
is active during the daily activities of the elder.
Instead of having smart sensors deployed all over
the elder’s house, we believe that providing a human
contact can more easily solve the problem. In addi-
tion, the person having these regular meetings will also
develop a relationship with the elder, and over time,
being able to improve the quality of the services pro-
vided. In case the elder requires support or is not feel-
ing well, the professional caregiver can dispatch the
necessary support. In addition, a notification will be
sent to the caregiver in order to get in touch and re-
spond correspondingly.
In this storyboard, we wish to investigate the useful-
ness of integrating information exchange between the
caregiver and the elder through the TV notification in-
terface. We assume that the caregiver can communi-
cate with the elder through the TV box by integrating
messaging and video conferencing services. For exam-
ple, consider the case where professional caregiving
service are provided at pre-scheduled daily meetings.
At fixed times during the day, the professional care-
giver makes a video call to the elder to make sure that
everything is normal. During these meetings, the pro-
fessional caregiver is making some routine questions
to the elder, in order to diagnose whether a health issue
has occurred.
We encode this concept into a storyline (see Fig-
ure 3) where the elder is not feeling well. The elder
Fig. 3. Professional caregiver service storyboard
communicates the health issue during the meeting with
the professional caregiver (via the TV). The profes-
sional caregiver can assess the issue, and if it requires
the involvement of the caregiver, a notification is sent
to his smartphone.
We received positive feedback from the majority of
the participants. The interviewees found very interest-
ing the ability to do a video-conference with their el-
der via the TV box. They believe that having a visual
feedback will help the elder gain his confidence. Once
again they find the idea of providing services through
the TV channel very easy for the elder to use.
4. High-level design & implementation details
After analyzing the input received from the survey
and the interviews with the caregivers (both profes-
sionals and amateurs) we designed a system for deliv-
ering an ambient assisted living environment for elder-
care. In our systems there are three main actors: a) the
elderly, b) the caregiver, namely the person in charge
of taking care of the elderly (e.g., a family member, a
friend, or an institution) and c) the professional care-
giver that supports the elder by providing a number of
additional services.
Our system is comprised of three main elements:
(a) the elder house where a number of smart devices
are installed to monitor specific aspects of the elder’s
daily activities and a set-of-box that connects to the
TV; (b) a collection of cloud-based services used for
the authorization, authentication and accounting, the
storage of information collected from the sensors, no-
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Fig. 4. Main components and their interaction
tification and complex event processing; and (c) exter-
nal cloud-based services provided by 3rd party to ac-
cess and control the smart devices installed at the el-
der’s house. Figure 4 depicts the main components of
our architecture and how they interact. In Section 5 we
present in details the IoT devices that we used during
the evaluation of our platform, however, remark that
our system is generic enough to be able to incorporate
a much larger variety of devices and vendors.
According to our philosophy, the interaction with
the elder is done via the TV box available at the elder’s
house. Therefore, all the information provided to the
elder appearing as TV-channels are selected using the
existing TV remote control. We do not provide any ad-
ditional controller or use a camera to monitor the el-
der’s actions. Figure 1 depicts a simple example where
the elder can cycle among “conventional” TV chan-
nels, a Google Calendar and a Flickr Photo Gallery.
The smart sensors employed in our system are com-
mercial off-the-shelve devices that provide access to
the collected data via web services remotely accessible
using open API. We retrieve the data using 3rd party
cloud services and analyze them to identify significant
events related to the daily activities of the elders. We
locally store these events on our cloud-services and use
them to trigger specific notification events and/or to
produce periodic reports. During the evaluation of our
platform (see Section 5) we used the WiThings Smart
Scale1, installed at the elder’s house that transmits bio-
1http://www.withings.com/
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Fig. 5. Flow of information across components
metric data (e.g., weight, heart rate, and body compo-
sition measurements) to the WiThings cloud services.
We retrieve these measurements from the WiThings
services through the API provided2 and trigger notifi-
cations to the caregivers when we identify a specific
trend on the elder’s weight or when the heart rate is
withing given bounds.
The caregiver (either the family member/friend or
the professional caregiver) access the cloud-based ser-
vices through a web portal: the central orchestrator
for all the services that our platform provides. The
users can access the portal at any time in order to go
through the stored data utilizing their PCs or Smart-
phones through a unified web interface. Furthermore,
the Cloud application also provides a collection of
Restful APIs that enables quick integration of our plat-
form and of its functionality with third-party systems
related to (a) smart devices (e.g., commercial products
by WiThings, FitBit etc.), (b) web services for deliv-
2http://oauth.withings.com/api/doc
ering customized content (e.g., Google Calendar and
Flickr photo albums) and also (c) legacy systems, such
as hospital information systems. The portal provides
allows specifying notifications based on certain condi-
tions. Through the portal, the caregiver can also com-
municate with the elder by sending notifications (either
immediately or on specific date/time) that show up as
pop-up messages on the TV of the elder. We envision
that the portal will also serve for creating a broader
ecosystem of caregiver services that can be selected
and activated in a marketplace fashion.
Based on these basic design principles we imple-
ment a prototype of our system using the FI-WARE
ecosystem of webservices [1]: a set of tools to facili-
tate the development of the smart application that can
be configured and deployed on a cloud platform in
order to easily implement an application. Currently,
the FI-WARE ecosystem provides more than 50 soft-
ware components (called generic technical enablers
- GE) [2]. The selected FIWARE enablers provide
the proper tools for implementing the envisioned ar-
chitecture and functionalities with a reasonable small
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amount of effort as they provide key-role functionali-
ties and cutting-edge technological advantages.
The FIWARE Identity Management (IdM)3 is used
throughout our system to provide authentication to all
users. Once authorized, the user accesses the portal to
interact with TV box at elder’s home and to get infor-
mation on the status of the elder. The IdM covers a
number of aspects involving users’ access to services
and applications, including secure and private authen-
tication from the user’s mobile devices and the web
application or user profile management and privacy-
preserving disposition of personal data.
The Orion Context broker (CB)4 is placed in the
center of our platform. We use the CB to store all rel-
evant context information taken from 3rd parties ser-
vices mostly via REST interfaces. Notice that in some
cases, notification services might not be available in
3rd parties services and thus a suitable polling mecha-
nism should be implemented to feed the CB. When rel-
evant events are identified, or the status of the elder is
accessed by the caregiver, the publish/subscribe mech-
anism of the CB is used to notify the system and/or
users of specific relevant events.
The Object Storage GE (OS)5 is used to efficiently
store historic records collected from the smart devices
as well as relevant information, such as the photo of
the family for the elder.
Finally, the interaction with the TV is done via a
LINUX TV device equipped with a RealTek RTL2832U
chipset. The device is capable of interacting with com-
mercial cable-TV products, such as the TIMVISION6
set-of-box a service by TELECOM Italia with a base
of users of about 500,000. In this way, elders can ac-
cess services as standard TV channels using only the
P+ (next program) and P- (previous program) buttons
of the remote control. Remark that the TIMVISION
box is connected to the Internet via a WiFi connection.
In order to understand the interaction of the dif-
ferent components that constitute our system consider
the following example depicted in Figure 5. The care-
giver wishes to use the Portal is directed to the IdM
in order to authenticate. Given that her credentials are
valid, she is redirected to the protected part of the Por-
3http://catalogue.fiware.org/enablers/identity-management-
keyrock
4http://catalogue.fiware.org/enablers/publishsubscribe-context-
broker-orion-context-broker
5http://catalogue.fiware.org/enablers/object-storage-ge-fiware-
implementation
6https://www.tim.it/prodotti/tv-e-smart-living/decoder-timvision
tal. The Portal pulls from the OS all relevant informa-
tion to the elder daily activities and presents them to
the user. If the caregiver wishes to send a notification
to the elder, the message is forwarded to the OB and
through the publish/subscribe mechanism the message
is forwarded to the TV box through the XMPP proto-
col [5]. Similarly, information retrieved from the 3rd
party APIs are stored in the CB and in case a specific
event is triggered, a notification is forwarded to the
caregiver and/or the TV box.
5. Usability assessment
We now proceed by reporting the evaluation of our
prototype implementation in real-world environments.
We have selected a total of 14 houses located in Italy.
The elders were 57% males and 43% females of age
65+. Their age was between 65 and 80, with the major-
ity being over the age of 72. In each house we provided
a set of off-the-shelf devices: (i) a blood pressure mon-
itor7, (ii) a smart body analyzer8 and (iii) a sleep mon-
itoring environment9. These devices were properly in-
stalled and connected to the WiThings cloud system by
our technical personnel.
Keeping in mind that the main challenge is to de-
velop a system capable of providing a simplified ac-
cess to modern web services to elders, in the sequel we
focus on the experiences of the elders. In fact, all the
involved caregivers confirmed that they have an aver-
age familiarity with modern web services and did not
report any difficulties in accessing our services.
During the first meeting with the elders, we asked
them to self-evaluate their confidence on using “mod-
ern technologies” such as PC and/or tablet. Interest-
ingly, none of the participants consider him/her-self an
expert user of modern technologies. About 43% of the
users have absolutely no confidence in the use of mod-
ern technologies, while more than 50% have a medium
or high level of confidence. All the users with very low
confidence, clarify that they do not use PC or tablet at
all and even if they have a smart phone, the most so-
phisticated activity they perform is “taking the photo
that is not capable of sharing”. It is worth noticing
that most of the users with a medium or high level of
confidence, use a very limited number of App, among
7http://www.withings.com/eu/en/products/blood-pressure-
monitor
8http://www.withings.com/eu/en/products/smart-body-analyzer
9http://www.withings.com/eu/en/products/aura
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which the most appreciated are the meteo, photo and
video sharing and whatsup, while the use of the Web
for news is very limited. On the contrary, all the partic-
ipants have absolutely no problem in using the TV and
spend in some cases a significant number of hour per
day (up to 6)in front of it. However, interestingly, all
participants do not use smart applications on the TV.
This observation supports our intuition on TVSERVE
that the possibility of providing modern web services
on the TV, using the traditional TV channel paradigm,
can allow us to reach a significantly higher fraction of
our target users. In the following, we report on the user
experience of our participants on TVSERVE.
Fig. 6. The main help page as it appears as a TV channel
After this initial interview with the elders, we pro-
vided them credentials for our system (for the IdM,
see Section 4) and tuned their TV to the correspond-
ing channel showing the main help page of our system
(see Figure 6). Additionally we demonstrated to the el-
ders how to use the three smart devices provided. Then
we allowed the elders to use the system for a period
of 1 week. At the end of this duration, we re-visited
the elders and conducted a second interview in order
to evaluate the services offered in their houses.
We started by a series of questions aiming to assess
the overall usability of the system. All the involved
users declared that they did not experience any diffi-
culty in accessing our services over TV. They found
the approach extremely easy to use, and they stress that
the possibility of using only 2 buttons (i.e. P+, P-) to
access a number of services is extremely effective.
In the sequel, we continued by evaluating the ser-
vices provided by the smart sensors and the TV chan-
Fig. 7. A user monitors his health status on a TV channel
nels that allow elders to monitor some indicators on
their health status. Figure 7 shows an example of the
TV channel providing health feedback to the users.
This service is highly appreciated by 40% of the users,
while the remaining 60% are moderately interested. As
already mentioned, our system is a collection of soft-
ware services and consequently, all the necessary hard-
ware devices have been acquired from third parties. In
this particular case, all the users reported some diffi-
culties in getting accurate measures of their blood pres-
sure with the Whithings device. In particular, to get
a reliable measure, the automatic procedure requires
three readings and this is considered annoying for most
of the involved users.
The next set of questions targeted the notification
service. Recall that family caregivers can set-up re-
minders that asynchronously appears on the TV while
the elder is watching TV. In our experiments, all the
reminders were about medical adherence. In the exam-
ple shown in Figure 8, the elder is reminded to take its
daily pill foreseen for hypertension. As shown in figure
9 about 71% of the users consider this service very at-
tractive. Interestingly, the once that are less interested
in this functionality, are the ones more organized that
have already a clear, regular and well-defined proce-
dure for medicine intake. The elders pointed out that
also vocal reminders over the telephone can be useful
when they are not watching the TV.
Finally we evaluated the acceptance of third party
web services provided to the system and in particu-
lar the Google Calendar and Flickr Photo Gallery ser-
vices. For the case of the calendar service (see Fig-
ure 10), the appreciation among elders is controversial.
After making additional questions, we understood that
most of them have a well-established and long-term
use of paper agenda. We understood that when elders
already have a well-established mechanism/procedure
to deal with a specific problem, the adoption of a new
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Fig. 8. A reminder appears while the user is watching the TV
Fig. 9. Appreciation of the notification service
technological solution is difficult. For the case of the
photo album service (see Figure 11), it seems that it
is by far the most appreciated service. We believe that
this confirms the assumption that one of the most fun-
damental need of the elderly is the connection with the
family - a need also indicated in similar research in
pervasive awareness systems [22,13]. It is worth notic-
ing that some of the participants were particularly con-
cerned with privacy issues: “I like very much the ser-
vice, but I don’t want the photos of my children are
accessible online by others”.
Indeed the assessment of the usability needs further
experiments with a larger number of users are neces-
sary for a deeper understanding of the acceptance of
our system. However, we are confident that some use-
ful conclusions can be drawn:
– The “service-as-a-channel” paradigm is proved to
be an effective mechanism capable of simplifying
the access for elderly to web services.
– All the currently available services are gener-
ally appreciated by the participants. Interestingly,
more than the health-care services, the services
Fig. 10. Appreciation of the calendar service
Fig. 11. Appreciation of the photo gallery service
providing some kind of connectivity with the
family (e.g. photo) are the most appreciated.
– Implementing our system in commercial set-of-
boxes, such as TIMVISION, is an effective strat-
egy to reach a critical mass of users without
requiring hardware or infrastructure investments
except for the ones necessary for health care de-
vices (e.g., blood pressure).
– The ease of use of health care devices is crucial
for the success of such a system. Since we employ
devices developed by others, we need to carefully
select our hardware providers. A further investi-
gation on the devices available in the market is
necessary.
– Some users suggest the need to integrate vocal re-
minders in order to get reminders also when they
are not watching the TV.
– When the users have strong habits (e.g., use of
conventional/paper agenda), is difficult to replace
12D. Amaxilatis, I. Chatzigiannakis, I. Mavrommati, E. Vasileiou and A. Vitaletti / Delivering elder-care environments utilizing TV mechanisms
such habits; our target users are over 65, and
change their habits is difficult.
– Our system is flexible enough to support a num-
ber of new services. The participants suggested
implementing meteo and news channels.
6. Related work
Elder-care at home refers to pervasive systems that
apply telemedicine and telehealth services in a home
environment [10]. The role of health informatics in the
care of elderly people and an overview of the state of
the art in this field is presented in [21,18]. In [17] the
authors analyze the contributions of the older users to
the design of smart environments for their needs con-
sidering the findings of 21 research papers. The paper
confirms that older adults are open to living in tech-
nically advanced environments if doing so would im-
prove their quality of life and help them stay in their
own homes. A classification and characterization of
the main activities considered in smart home scenarios
for older people and the identification of the sensors
necessary to the detection of the aforementioned ac-
tivities are performed in [19]. Several state-of-the-art
wireless sensing systems that can be used to provide
pervasive healthcare environments are presented in [8].
From all the previous work presented above we can ex-
tract significant common parameters, as the need for
cost reduction in the national healthcare systems, the
importance of caretakers’ ease of communication with
the older family members and the need for a sleek and
well-established interface for elders to use and interact
with despite their familiarity with technology. Addi-
tionally, it is made evident that although IoT and smart
home technologies are important their diversity in in-
terfaces and hardware specifications limits the useful-
ness of their usage unless an integrated system is avail-
able to use.
In [14] the authors presented a participatory evalua-
tion involving 75 users of a smart home project imple-
mented in an independent retirement facility. Also in
that paper, the authors took a particular care to make
the technology invisible: “Observational sessions con-
firmed that the sensors were not noticeable and resi-
dents did not change their routines.”. Thus this study
confirms that, also in the retirement facility, as we al-
ready observed in their own home, elders have an over-
all positive perceptions of the technologies provided
that they do not interfere with their daily activities.
In [20] the user assessment of an assisted living
platform is presented and comparatively studied with
the iTriage application [3]. The study highlights some
good practices regarding user interface design that
is based on mobile devices. Interestingly participants
were hesitant in using a tablet and would consider the
alternative of using a TV set instead. Similarly, the
importance of a well established and easy to use in-
terface is noted in [25] where MedReminder, a TV-
based system that reminds older users of their med-
ication schedule, designed with the involvement of
Telekom Slovenia. [16] presents Healthcare4Life a
patient-centric system that combines social network-
ing with telehealth functionalities to help monitor the
well-being of elderly over the web. The overall usabil-
ity of the system is something not to be ignored regard-
less of the age of the users as [11] highlights.
Last but not least, the Philips Motiva TV-based
platform for remote patient management10 11, has a
similar approach in that, via the home-TV, it aims
to provide chronic patients a familiar way to con-
nect with healthcare professionals. Although Motiva
shares resemblances with the TVSERVE approach, it
aims to chronic conditions patient management, while
TVSERVE is a pervasive platform that aims to facili-
tate family monitoring and awareness.
7. Conclusions and Future Work
Mark Weiser, in his paper on the origin of ubiqui-
tous computing [27] reported at the end of the 1980s,
foresaw a “physical world that is richly and invisibly
interwoven with sensors, actuators, displays, and com-
putational elements, embedded seamlessly in the ev-
eryday objects of our lives, and connected through a
continuous network”. Ambient Intelligence vision in-
troduced a few years later, puts emphasis in the sensi-
tivity and responsiveness of electronic systems to peo-
ple [7], while updated AmI research perspectives are
reported ten years later in [6].
Smart environments are a by-product of ubiquitous
computing making human interaction with the system
a pleasant experience. However, in many cases, the
emphasis has been in the technical challenges of the
ubiquitous computing rather than in the development
of a system capable of providing a pleasant experience.
10http://www.businesswire.com/news/home/20060508005505/en/Philips-
Announces-U.S.-Commercial-Launch-Motiva
11http://www.hightechict.nl/projects/philips-motiva/
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Even technologies like Bluetooth that have been de-
signed to be simple in terms of user perception, they
are not working as they should be for numerous rea-
sons. Although a lot of effort has been made to make
Bluetooth reliable, it is still common to encounter dif-
ficulties when connecting two devices via Bluetooth
for long period of time. Users that are not experienced
in using the technology, find it hard to understand to
overcome a difficulty, whenever it occurs, and in this
sense, they are discouraged from using the technology.
Interestingly, Tablets, whether by design or simply
by chance - have changed the technology landscape
for seniors. Tablets, originally introduced as mobile
machines (staying in contact with business, families,
and friends while on the move), use multitouch tech-
nology that makes them very easy to use by elders.
Arthritis and other impairments often limit a senior’s
fine motor skills - a disability incompatible with mouse
and keyboard requirements - is now addressed by the
touch screen technology, facilitating usage and mini-
mizing user frustration. Tablets also offer an improve-
ment over one of the most traditional form factors -
books. For those with poorer vision, a once - enjoyed
activity like reading could be a thing of the past. Not
only can those with limited mobility avoid a difficult
trip to a bookstore or library by downloading a book,
they can also easily adjust the text size. According to
released data from Pew Research Center in a study
conducted between July 18 - September 30, 2013 [23],
the proportion of older adults who own either a tablet
or an ebook reader is actually larger than the propor-
tion owning a smartphone. Some 27% of seniors own
a tablet, an e-book reader, or both, while 18% own a
smartphone (see Figure 12).
Fig. 12. Seniors are more likely to own a tablet or e-book reader
rather than smartphone. Results by research conducted by Pew Re-
search Center’s Internet Project, July 18 - September 30, 2013
While Tablets are becoming a preferred technology
for elders, on the other hand, Smart TVs have not at-
tracted any attention at all. Interestingly, this is the case
even though elders use their television more than any
other age group [15]. According to the latest Nielsen
report [4], the average level of viewing among adults
who are sixty-five years of age or older is between six
and seven hours per day, compared to four to five hours
for younger adults. So although the television set is the
dominating element of an elder’s daily routine, a re-
cent study conducted by CTA12 shows that about half
of the elders indicated they do not expect to purchase a
new smart TV in the foreseeable future [9]. We argue
that one of the main reasons that Smart TVs have not
managed to become a broadly used technology among
the elders is the lack of a simplified user experience:
Smart TVs are not a convenient means of connecting
to the Internet and the outside world.
In this paper, inspired by recent studies that show
that elderly people suffering from an illness or injury
recover much more quickly at home than in a nursing
facility, we investigate how to incorporate the televi-
sion into a smart environment for elderly. Our starting
point is that while elders are generally well disposed
to explore new technologies, they are very reluctant
to adopt them if they require changes to their habits.
We utilize existing technologies in order to make home
care easier and more reliable: devices such as the smart
TV can support caregivers by assisting them in mak-
ing remote care monitoring more convenient and af-
fordable. Therefore, the main challenge in the devel-
opment of such system is that the concept of smartness
for elderly brings to the extreme the idea of invisibility
of the technology.
Starting from this consideration, we first distributed
a questionnaire caregivers to better understand elders
needs and habits, and then we developed our smart sys-
tem that allows elders to access a number of “mod-
ern web services” as standard TV channels. Finally,
we asked 14 families to install our system in their
houses and to test it in their daily life. While further
experiments with a larger number of participants are
likely necessary to confirm the results of this experi-
ence, however, some useful conclusions can be already
drawn:
– Elders confirm that the proposed TV based sys-
tem is an effective and elders-friendly solution ca-
12Consumer Technology Association
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pable of simplifying the access to a number of
services;
– All the tested services are generally appreciated
by the participants. Interestingly, more than the
health-care services, the services providing some
kind of connectivity with the family (e.g. access
to family photos) are the most appreciated. How-
ever, when the users have strong habits (e.g. use
of paper Agenda), it is difficult to replace them
(i.e. an online Agenda accessible via a TV chan-
nel);
– The ease of use of the devices employed in the
platform (e.g. health care devices) is crucial for
their effective integration into the system.
The experience that we acquired from deploying the
system into a real-world environment indicates that
systems developed for elders should not expect any im-
mediate/drastic behavioral change. Elders do not ex-
pect to change their habits and mindset so that they can
use a new product, even if it was prescribed by their
physician. It was apparent that their lack of willingness
to make any effort to bridge the gap with new tech-
nologies must heavily influence the design of our sys-
tem. In this sense we realized that services operating
in a pull model fashion can be easily implemented us-
ing our TV-as-a-channel approach, while on the other
hand, services requiring a push model approach will
face significant adoption barriers. We also understood
that services should keep in mind that it is hard for el-
ders to be content providers, while on the other hand,
they are extremely willing to take the role of content
consumers. In this sense, the push-model is a natural
fit for our approach.
Our interaction with senior adults in the context of
our real-world evaluation of our system provided some
interesting insights also in regards to their perception
regarding privacy & confidentiality of data. We re-
alized that when elders accidentally become content
providers they take extremely care for the privacy. Es-
sentially, any content collected from the sensors is very
sensitive to them. As a future work, we wish to look
further into this observation and in particular, investi-
gate further the levels by which the elderly are willing
to participate in collective intelligence systems when
compared to their interest in very customized services
targeting themselves in which private information is
carefully managed.
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